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(57) Abstract 

PURPOSE: To improve the crystallizability of other 
nitride semiconductors grown on the surface of an n-type 
nitride semiconductor layer and to improve the 
efficiency of a light emitting element and a 
photoreceptor element by providing a method for growth 
by reducing the lattice defect of the n-type nitride 
semiconductor surface. 

CONSTITUTION: At least one layer of a second n-type 
nitride semiconductor layer 33 (ln a Al b Ga -1.3.5 N ( Osa, 
Osb, a+b<1) whose composition differs from an n-type 
nitride semiconductor layer 3' is grown in the n-type 
nitride semiconductor layer 3' growth or the n-type 
nitride semiconductor layer 3' is grown at least by the 
thickness of 5^m. 
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(57) [^*<J] 

[BWJ MOVPE, MBEfe^^mfflfiESfelCJ: 
^<Vr^,^it^m^mm-r^>^tizJ:r) > nig 

g{frfe¥g#g 3 ' £iffifi!t©S&-5Si|-© n S!Sfb#)¥ 
g#JI33 (I n. A UGa,.,.,N, O^a, O^b. a 
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[#fF8t#©l8ffl] 

im#mU «ffij*ftftfcJ:0***Bfcia«. *fc 
(I n,A l,Ga,.,.tN. OSX, O^Y. X+Y3S1) 

(In.Al.Ga,...»N. O^a, 0 
^b. a+b^l) *W<t 1 b-I«±Sft3ti-§Ci: 
ft»»tr* nfflSEftitfU^A3iMb'&«l i l s **0»»J« 10 
*7jft. 

[!S#JSi2] ©nfflBfctfy^AfcflS^** 

[IfcfeB 3 ] UttlBSBH© n m&itfi 'J A JRft;*** 
l*I*nn,Ga,.,N (0<a^l) , fcb<teAl b 
Ga,.,N (0<b^l) , *fctt«J«Oftft:*A lbG 
al-bN (O^b^l) ©»K««iUfe#IiTi65i 
t$:4#gS:i:-r-5»*«l*fc«ii*«2»CfE«©nS^ 20 

«A 777l^Wn m&itJS U * A*{b^*¥»# 
■(In,Al,Ga,.,.iN. 0 ?SX, O^Y, X+Yil) 
OlSft*J«fta***tt»r*V»T. tM2nS»SMMf'J£ 

J&ft7jft. 

[0 0 0 1] 30 

^©^TV^^K&fflsnsnssflstfy 

7AM^W^# (In.Al.Ga,.,.,^ O^X, 
0^Y, X+Y^l. WT^{t#U£A*fc-&*&¥3£#£ 

[0 0 0 2] 

J»tt^-f*- K©W»fcbT»WM*B.* (I n,- 40 
Alw Ga, .«■.,. N, 0^X\ 0^Y\ X'+Y'^l) 

*«l©«E{r. GaNi0ft^y77l2t> Ga 
NJ:D65nI13t, AlGaNJ;t)a5na777 
Hi4t, InGaNiD65ffiftI5i, AlGaN 
iO&SpH^yy KB 6 i, GaNiO&Spl^^ 
hB7£j&t0fc«B3ftfc*IJS£WbTV>S. 
[0 0 0 3] SflSft^SflcSS^tt. -&KMOVPE 50 




2 

(tMi^lt:?*>'tiW ft. MBE (SH'fcX 
M9*i/>r)V) ft, HDVPE (A-f K 7-f KSl*BXh? 
^S'-WM i£B©*MBJfcftffi&BV». StitBWcBfc 
tt¥»#B€«BSii , 5J:£C«k?)#&*iS. 
•y-77"T7, ZnO, SiC. GaAs, MgO§0» 

fflOftflSB*** (I n«Al,Ga,.,.,N, 0^X, 0 
^Y, X+Y^l» tOtT^CnfiGaN, nSAl 
GaNm ) ftfjSftSnS. SiC, ZnO 

©J: 5 CBft«*»{(st»^iak«!)iE VVWRftB V»*» 
^s»7ri*»fl»f. »RCBi*nSaMb* 

-5. 

[0004] M^tfMovpEftcist, mtm^m 
mz. Mm%x\zGam* Aim, inmtu^m^. 

m<k&Va%7.t> NffiCtfrST^X 7"^i*«BV»6 

ns. £ns©®^#x£M!fcUfcK«:*®»c&tt£^ 

aN. A IN, GaAlNWW^n, 3 0 0t:~9 
0 0 t C©ia^f 1 0^">^7. hP— A~0. lwm©J¥ 

*MS#Stt9 0 0 , CEU:©i&an?, Ml^mPji, 4 
M m^T©)KJST?^SS 
[0 0 0 5] 

T, ^*T?ttS i C»«©«t5{C, ^fiS*J:5-r^S 

te^FSE^- Siftt •£> A y7 7iS/|- UTil^lx bf 

[0 0 0 6] ftfS^tft(ri*fi©Sll^Stfcni 
g{b$>¥##©f£l&©8i5£WrBB*— 0»J£: bT0 2 icjf; 

{Jounal of Crystal Growth, 115, (1991) P62S-63 
3} «fc^§lfflbfcfc©T?*0, i77 7-f7SffiO«IC 
A 1 Ni!)&S/t777lS^rbTnS!GaNi&Xtf^ 
^i'-Wl'Sfcfi^-tt", -^©BfiS^rT EM (transmission e 
lectron microscopy) TfiUJtL-T, ^CTEMftiS^g 
il©*8jt£«£l$lC^bfc*>©-e$>£<. ^©HKCiS 
t, S«±»rBBlfiH4* t SoTV^ViAy 7 7i* { ttttlC 
fgftSnt^D, ^OAj»7 7lO±l*GaNSxW 
^ v- r © A y 7 r B © — SlWffifcSii 
OJ:5fi:tt*l**&l/T. **KG a N©El3Ht#S3 
^tl-iD, ISfttt** J: < ti-ofcG a Nl^fi$n« 

[0 0 0 7] L^bfcJ&*5, ^l:^fi^R50iV>Ga 
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3g-TSt>©tt. Si®T0tJ*.«l 0 T ~1 O'fi/cm'* 
[0 0 0 8] *«0<{ffiCJ«ftbfcnaiafl:»¥*#Jl 

oaiiBK^ftoisft^ie^**^. ■*©*«** n aw© 

»»*W©£*>SIW*. 0S*.«±IB©J:5fc 

Wt^-f#- fgftm*>, **»©*^ 

[0 0 0 9] S«©*®«c£Tn^{bi8>¥3£#il : £f£ 

.S*^©ttl)&*rtU:3tf* «t>T. 20 

^&;i©£5&1M«£ffi*ftanfc*>©T&D> MOV 
PE. MBEffe»©«*J«*i*KJ:D, t^C^fSp 
l,TV»frV»^©*BfcnSa<l^¥*#Ji***3* 

T*fta-fr*7j&£*l«-f * C fc * § » *. 
[0 0 10] 

[^S$:*ft-r^fc*©^S] *58?8©*8feO*— ©* 
«tt. ^*ftftK.kO***iIifcit*. S&tW^ 
ri^bTnltWM (I n, A l,Ga,-,-, 
N. 0^X> 0^Y, X+Y^l) ©ttft******** 30 

£<fc;«>¥S»#JS £«*©*£**— ©arts****** 
(I n, A 1 b G a t -t N, 0^a, 0^b,a+b^l) 

& < t h — B £A±** 3 * * £ *W» £ . 
[0 0 11] £fc#f§fSl©7jtt©8l— ©ffilSfct, ^.*B* 

nfflftflStfU •> A3RflS-&»**# ( I n, A 1 , G a 
,.,.,N. 0^X. 0^Y, X+Y^l) O^ffiS^fiSti- 

Ji£'>ft<ifc5MmJW±©SIJPT*ft21**-<t£l# 40 

at-r*. 

[0 0 12] 

jr. a*©****-©^*****^*"*"*^ 
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4 

it), n^«*i*i©i^^fc^a^si^ &* 
[0013] ir©A'; 77IS- ii£U:^*Tnw;j: 

<, *•©—«*£: 0©«Pttl 0*>^hn-A 
(0. OOlfiniJEHi. litmJ^T. £ £> iCjffSL < 
ttO. OOUmJU:. 0. 1 u mErF©*SBKll^rr 
$£. < !:a ^ SiibV>. 0. 0 0 1 nm£.K> fe?$v><h, fSII 

z>fr c©«r©;iy7 7itt*fc ( — B©K 

[0 0 14] IrcD;'!y7 7@SIn,Ga,..N (0< 
a^l) , feb<«A UGa.-bN (0<b^l) , £fc 
I^CSftSAUGa.-.N (O^b^l) ©&®l£ 

liail^O. 5£[T©I n. Ga,..NA\ *fcttbffl*« 
0. 5iJJ(.T©A lbGa,-bN£j£fi£1i-3. telftzZ. 

afls«*»flnr»4Ba7aB*©¥»*» «fc o *>< wffi©«k 
3 fcH7Mft ©##»**** J: v». ^-©ff-c-bHTcSa 

©In.Ga,-.N, A 1 , G a, .„ NIC:fcV>T, a fit, *3 

S,tt©«tV!> ! b©^#^n^)fc>i), IS— ©A*;77B©8 
fi*l«J&«4>fc< 0 . Sfl-©A*y 7 7l©±«ftt* 

n aafl:tt¥##B©ii*>:H&tfii>fc<fr*. ae-ic 

igfcW^I^nSGaN (G a N^ftfet&^f-^CRS 
Ai/>ftH. ) , fro/V^rlii'nai n.Ga.-.N 
(0<ai£0. 5) i)\ fU<ttnfiAl,Ga,.»N 
(0<b^0. 5) J&V *fctt«J«©**t<5A U Ga 
N (O^b^l) ©»J«*«Mbfc^@ll 

[0 0 15] a?>lt, ^r©/Vy77l©tf*t'J7 

£&® 4 «*B0J©73tttC.i; D# & nfc n 
^J13" ©±IC. n?7yHI4', Stt«5\ 
- V H16\ p3>^? hS 7' &a»LTlllS©5!3t3S 
ftbX, -t©J(B3tt*T©«JSfc*iffiiaTr'boT*bfc 
I 0T?2feS. H3I1 I2©; , !y7 7l3 3*5 1 ft*®^ 
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J&ffl©ngjf ©Xyif >yB=fc K) feSttH 5' ffllc&3 

Sg-CD/\*y 7 7)13 3©firfi^ ©mSS^-r^^X 
£H:pib $r©A-v7rI3 3©«T**U7 

)llC«8it*tSfttXir< <^0. 5iiT©tefiM#SKfc3. 2* 10 
CI, ^-C9A*^7rJl 3 srott^-^UTiSS^nS® 

5. — 7?, E4©«k'5fcJSiTT-&£<i:. lrCA'";7r 
133 ©«T *r U 7«&tt/h2 < Tfc, «Stt«:*^*- 
V'J7iSSOAfV^I13" ©Tj^ssns©-?, «3t 

7tI3 3©«T^^UT«S*^#Viti-&H, ttSftfct 
g|— ©A-)»7 7i3 3©7jtSKn-^-r<?S:rDT. & 
^*5#?.n5. SEoT, Sr©;V;7 7l3 3Cif 20 

Vv, 

[0 0 16] #cC. *5fiWOJS— ©«B#"Ctt. nlgft 
#jij£^jgS5Mm«tt)t>i»<J*S$li-SC:t»CJ:0, 

ra-*m£aH*bTjfcft*-e*n«, fcufciefcjfcft* 

jfftj&RSttSUfcfcJ:?), n«©*ffifc£T?ai38-r* 
T» S6l:0*b^nS!S<b«lf»*I©JI*tt7 jum 

[0 0 17] *»WO«— ©MH«*i:^JS=iOl8*iifcfe 
l^T, aStt±fcjS**tf*nS!Sfbtti|M*# (I n, A 
l,Ga,.,.,N, O^X, 0^Y, X+Y^ 1 ) tt, Y## 40 
O^Y^O. 5©il©Al,Ga,.,N, SSKffSb 
<«0. 3«T©A l,Ga,.,N, ftfc*(f£b<kiY= 

0©GaN$^t5. fc-t?&£, S5f2©J;^irBg7c 
!g|&©g{fc$>#g#«fc'3, H7ciSft©^b#l¥^*©73 

ty7*0^l>AlGaN, G a N ©#**-> >y;l"vr 
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a6SA^-C*«. -e-CD^Tffc, ^CAlGaNliAl* 

GaN 

[0 0 1 83 *»W©*ft©JB-©!B«* 
■ktf»z:©tB«K*v»T, »SCtiU-:7 7-f 7, G a A 
s . Si. ZnO, Si C«OW»*««fflTr***«, - 

bVVft*, •y-7'T-rT*«©®77^IC e koT«^->7TS 
[0 0 19] 

[HiSM] MOVPEfelCJ:***WO*ffi*# 
[MKM 1 ] 

**#*S*i&l*lK:«btt*«S. 1 0 5 0*C-C*?J 

fib, 5 0 O'CIC^V^TG aaiiibTTMG (hU^^ 
JMfUCr A2fX) , N2I<!:bT7> : &X7;tfX£*«© 
SEBKSttb&ri*?), GaNiD&5Ay77l*0. 0 

[0 0 2 0] © ^ClC, TMG#7.£ihgK iSS£ 1 0 
5 01C*U±#a*fc*. TMG^X, SiH^XS 
8Kb, S i t ? -7'n5!GaNIS2um©IIITs£SS 

[0 0 2 1]® #cfc, TMG2T;*, S 1 H,#*SiL 
J6fiSI*8 0 OTCfcT*. 8 0 O'ClOfc-pitS. + lr'JT 
TMG^fZ, TM I <HJ*^ 
;K>5?^A) , S iH 4 #7.£SitU Sr©/1y7 7 
IttTS i K-7nSI nO.lGaOJNI^O. 0 1 
« m©filJPT'f£S2 . 

[0 0 2 2]© I nO. lGa0.9N«J5fc£&, 
61 0 5 01C*TM:#S1i\ ^A* U 7#7.£*I$tl~Mb 
TTMG#X*5.fctfS i H,#7.£SKU PHUfcbTS 

i h'-7nIGaNl*2 «m©MJ»f & 
*Sr©A»;77l©*t UTiSetilCnSGaNS 
©* +• U 7JR*tt««*ra— £ bfc. 

[0 0 2 3] K«*R««»fl»&lfcDtHU ft 

liOnlG aNS©3Sffi£TEMT?i»J;£U fOTE 

£3. i5«fc-ti x l o 4 ffl/cm , T?*ofc. 
[0 0 2 4] [Hffi0»J2] ©fei^ffiOnfflSg-fbW^W 
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#m<Z>xm\Z&^T, TMG, TMA (,bV*^)V7)V 
S~?A) , S i H 4 ^^IW S i H-ynSA 1 
0.3Ga0.7Ng£-W£n2 y m©BIJ¥TT;£fi£itT 

«Kfr3. R*CbTW-«|b&tC5, S i 

K-^nHA 10.3GaO.7N)l^®tC^L/TVi-&^ffi^ 
K5©&«43«fcf- 5 x 1 O'fH/cm'T^ofc. &*3, S i 
K-/nfA l0.3GaO.7N/i©«^*+y 7JMEttJR 
-©Ay 7 r« tBIffll— t bfc. 

[0 0 2 5] [HMfi«J3] ©OnStftft^^ICI 10 
SiWSUCbTS i K-^nSG aNJl^ 1 /imClf 

(CbT, ^0A7 7rIi:L-TS i H-/nSI nO. 
lGa0.9NH £5 0 h Ci-A©KJ»T 

TRU< S i H-ynfGaN§4 1 u m©|SU¥THSK: 

[0 0 2 6] S&IC. S i K-/nSGaNlO±C(3) 
©latRfllfclbT, SgH©Ay ^rJltbTS i F- 
■fnmi n0.1Ga0.9NM* 5 0*>^XhO- A©K 20 

j»-efc3-Kj&fi3-a-fc«> ^^©©xfitisjitKb 

TS i K — ^GaNB^ Aim©flgJPT?J5£ft2-tt£>. 
^0Hifi^3T(4. •y-7r<T»«0*®lCGaNA'y 
77§2 0 0t>yxha-A. nSGaNilmn. 
S i K-^nil n0.1Ga0.9Nm— /^7ri5 0 * 
>y7.hP-A, nlG aNl lfim, S i H-7"nS 
I n0.1Ga0JNSH^77rI5 0*>^hn- 
A, nSGaNi2jiin*)iCaib)t. 

[0 0 2 7] ■*■©»*, m&m<DS i H-7*nIGaN 
B©*IiiK*bTV»*ISft^«©»ctt* J:* l x 1 0 4 30 
fll/cm 1 -t?& r> fc. &*!£—© A »;7ri £#H©A y 
7jItS i P-7"nlGaNltOSf*lr 'J7WE 

[0 0 2 8] [5felfi0«4] ®©Sg— ©;V>»7 7lOlS. 
I-^I/^T, (fiftiailESJdftS-tt-rTMG. TMA <HJ 
*5\N/7;i'5:^'7Z0 . S iH,^^V\ S i H — 
^nfSA 10.3Ga0.7NJl«:O. 0 1 y m©fl&J¥t?fi£fi 
Stt^- ©Ay :7xB£^J&T5flfite, ^ffiMlirlpI 
m\Zffo. n«CbTfHBl/fctC5, S i 

h*-7 p n^GaNS*®tC»bTV^i^ffi^RS©IS:«*5 40 

if lXlO'I/cm'Tiofc. S-0^y7 7 

lOtf*f'J7jMl«;S i F-^nfiGaNltSff 

[0 0 2 9] [fgJS0fl5] ®©f-0;Vv7 7lOIg 
IC&WC, Js8ft«flEft*fl:S"a-1*TMG, TMA, S i 
H.afjmfeJBV*. *rs i K-7nIA 10.02Ga0.98 

TMA#X£lk*, SiH-7nlGaNi*3 0t> 

hn-A©$lJ¥-T?j&ft£tJ-5. fix, 

•tn-'en 5 13*0 £U 3 0^>y7. hD-A©S i H 50 
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-7nlA 1 0.02G a0.98NJI£:, 3 0^>^hn- 
A©nfflGaNJiiS*n*nX2fc5Ji"^>«»bfc 
^fSKS^JsKTS. K±©J:3K:bTJS— ©Ay^rJi 

^BlS*n*fcbTli-«UfctC5. S i K-7nlG 
aNB^®{CjgUTV^Jgft^Rg©»tt*«t-€-5 X 1 0 

Ket^^UTYftH:. S i H-7nSGaNltB 

[0 0 3 0] [SUS0IJ6] 5fcK«2©ISfc:*Vvr, ft 
r®;Vy77li:bTS i H-7nIA10.1GaGa 
0.9N£0. 0 1 um©JKJ?Tr^SS1i-Sffitt®«H*L' 
T, S i K— 7nSA 1 0. 3G aO. 7NJ§£i&ft£-fc!:£:. 
■=£-©*£*, »*S©nS!A 10.3Ga0.7NBir^UTVi 
fct&^Rgw&tefe i-f- 1 x l 0 t /cm2Tafeofc. 

[0031] [tfc^j i ] nmm 1 k*v»t. ©a 

y77l*^3*f- aJibTS i h'-7nSG a N 
m&4 umV>&&-Zl&&21trztZ.?>> nSGaNJl© 
SHfr^bfc^ftXIilSw^tt^J:-^! x 1 O'M/cm'T 

[0032] ui&km 7 ] tmaSti/tMm*&£ bfe 

© Si K-7nSGaNMSt. frfclCTMA (h 
U^f ^7^$-7A) tfT-SriD*., I^b< 1 0 5 CC 
Tf, ni?7f Flil/TS i H-7nIA10.2Ga0.8 
Ng£ 0 . 1 /zm©^jrr?j£ft£ii-5. 

[0033]© n^7-> F/i«*a» TMG, TM 
A, S iH 4 #X£lk©, S^fi«*8 0 OTCCBtftb 
T. TMG, TM I , S i H« tf^lClO^TD E Z (5? 
x^;U3?>*) fc*U ffittltl/TSifei^ZnH 
— yi n0.05Ga0.95NJ§£0. 1 *im©KffTfi£g£ 

[0 0 3 4] @ «tt)ij£S&, TMG, TM I , Si 
H,, DEZ#7.£lt®, taS£ 1 0 5 CCfcbfca, 
TMG, TMA. Cp2Mg (is? W^>{? ~JX.-)VT 
y*v"?A) #X£Sitb, p^5y HStbTMg H- 
7plA10.1Ga0.9Nl*0. 1 /imOlf TfiiofiS 

[0 0 3 5]® pIA 1 0.1G a0.9NJlJ5£:K£, TM 
A#X£lt«6, HU< 10 5 CCTpP^^ hltt 
TMg K-ypfSGaNJl€;0. 3 /imOllTEKSS 

[0 0 3 6]® JW±©«fc5ICbT#fcmT©Xy5 i > 

y<£fTVi, s:o;i777lro*c*Si/fcnfGaN 
Jf£@tb£-tir> pn^^i/hili:. fgffibfcS i K-T" 
nfiGaNltfc«I*»)SHt. D H 4 IC^f J: 



©aaW-frt— Ktt2 OmAI^^TV f 3. 6V, % 
ftifcft4 5 OnmT?*D. )tS3. Ocd. %}£tiS?Jte 
3. 5mWT?$>o7c. 

[0037] [ttsssM 2 ] \mm 1 -C^fi^ti-fc S i H 

-yGaNg©±lC. *K#|7fclH-©lSI*ffV», 0 

5, £©«#a*f*-Ptt2 OmAfc*V»TVf 3. 6 
V, f£ftj£g4 5 0 nmTfc-afc**, 3fc*»i 1 . Ocd 
SSftffiTJttl. 2mWL/W^yt. 
[0 0 3 8] r.Oi'Sfw*^©^— ©^ftlC^-Si, 
»ft*R©4>ifcV»nffllB**#&*l*©'Tr. *©±C«Ji 

fcgttJi©IW*tt*&0. 2<jmKTi»V>ft». 

[0 0 3 9] 8 ] KT**fi©J8=©«fll&3 

PNtCMO V P E-CJ**3"a-**8sft*"**%>©T?**© 

© MiflflicCDOXfitraflllcbTiJ-^r-fTSKS© 
SICGaNiO^/Vy77l*0. 0 2/xm©lU 

[0 0 4 0] © HJSfiai 1 ©@©X@t^»CbT» n 
y7yfgl(D±.\Z, S i H-^nIGaNi$ 1 0 tim<D 

[0 0 4 1] J&«&, at«*R**»*»&*0W^. n 
SGaNlilSTEMTlSU -t©T EMii 0 , 

mEMasfeD©iiisa^:i5(S©^*tf-a!iufct^5, *s«t 

f 1X1 O'P/cm'T&ofc. 
[0 0 4 2] [HiS^J9] S i H-ynHGaNlOl 
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